AN ECONOMETRIC INVESTIGATION INTO THE ROLE OF RISK AND

EXPECTATIONS WITH SPECIAL REFERENCE TO STORE LIVESTOCK



p~ 3
T, A
pavip srookriewof = DFPORITED o DOCTOR OF PHILOSOPHY

518
WOLFSON COLLEGE \ FFLD MICHAELMAS 1983

AN ECONOMETRIC INVESTIGATION INTO THE ROLE OF RISK AND
EXPECTATIONS WITH SPECIAL REFERENCE TO STORE LIVESTOCK

The role of expectations theory and risk perception is examined in relation
to the structure of store livestock markets in England and Wales.

Economic and biological features of store production are identified in the
beef, dairy, pigs and sheep sectors. The axiomatic base of risk theory is
examined and the Expected Utility approach of defining risk is adopted.
Allied to the analysis of risk is the role of expectations in store
markets. Two major expectations hypotheses are employed which act as a
second, and parallel, research investigation to risk in the store markets:
Adaptive and Rational Expectations are chosen.

The assumptions and modelling approaches that underlie the analysis are
outlined. This then provides a framework in which the influences of risk
and expectations are examined.

An ex post analysis of grazing risk is undertaken. Farmers typically under-
utilise grazing resources, possibly as a result of the greater risks
involved in feeding ruminant stock in this way. It is shown that grassland
production, on average, can be intensified without incurring additional risk
in terms of more variable output.

The temporal structure of store livestock demand is then investigated on

ex ante grounds with subjective risk defined on the basis of the Adaptive
Expectations rule. Significant risk responses were found in the store steer,
heifer and pig sectors.

The demand analysis is then generalised to a full simultaneous and recursive
model employing the Rational Expectations hypothesis. The implications of
the solution procedure are outlined and the results indicate that risk
perception associated with store demand in the pigs market and both store
supply and demand in the sheep market are important features of trading.

The results of using two different expectations models are then compared.
General conclusions are drawn and the overall influence of risk in the store
markets is assessed.
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CHAPTER 1

INTRODUCTION

1.1 The Problem

The analysis of risk has become a major preoccupation of agricultural
economists. It is a key area of research because its influence is thought
to be pervasive. Since the stochastic environment is subject to unforeseen
fluctuations in prices and output, for instance, then risk analysis simply

investigates how such events influence economic decisions.

The fact which we do not fully understand the economic world is reflected

in our inability to exactly predict or control it and the extent of our
ignorance is definitionally known as risk. Despite its indeterminate nature,
however, a consistent and logical theory can be developed. The purpose of
theory is to place risk into perspective of what knowledge we do have against
what level of knowledge would be sufficient to fully describe economic

systems.

Time is an important adjunct to the study of risk. The future, for example,
plays an important role in economics simply because economic activities take
time and often decisions have to be made on the basis of what the future is
likely to hold. To deny the existence of the influence of time is to largely

deny the importance of risk in its most general sense.

The real problem is to utilise what information is available: how it can be
processed so as to minimise the adverse effects of risk and how it can help

to predict the future.



1.2 The Objectives

The purpose of this thesis is to examine the nature of risk in an agricultural
setting and specifically in relation to those forces which have a bearing on

the store livestock markets in England and Wales.

The first set of major objectives investigates the effect of risk within the

markets chosen and in related influences and activities. Thus, we...

1) Identify each potential component of risk in the store livestock
markets and define those aspects of the production and marketing

processes that make the sector risky.

2) Examine the 'grazing problem' for ruminant livestock and show
how the existence of risk restricts the full utilisation of

grazing resources.

3) Define the decision processes in store purchasing and illustrate

how and why subjective risk is important for the feeding farmer.

4) Investigate a more general supply and demand structure for the
industry and show how this vertical structure affects risk

perception.

By implication of the decision-theoretic aspect of risk we must examine how
the future influences decisions made today: how expectations are formed.

This defines a second pair of objectives:

5) Define the expectations mechanisms.

6) Establish the relationships between expectations and risk at

both an empirical and theoretical level.



1.3 Methodology

An empirical study is undertaken although the results are presented in a manner
which devotes as much space to the method, scope and assumptions of the
analysis. General assumptions are to be found in Chapter 4 and specific
details will be presented in context. They are, in that respect, presented

as a 'package' for measurement is meaningless without theory. The approach

is pragmatic, or as J. Neville Keynes (1890) said

"all induction is blind, so long as the deduction
of causal connections is left out of account" Pg 164.

1.4 Plan of the Study

Chapter 2 provides the theoretical grounding on which risk and expectations
analysis is based. Other theoretical and empirical work is therefore examined
and the chapter also provides a general mathematical introduction to risk and

expectations theory as a prerequisite to understanding the subsequent chapters.

Chapter 3 examines the biological and economic structures in the store
livestock markets for beef, dairy, pigs and sheep and also provides a more
general setting from which the components of risk may be identified.

In addition, a section is devoted to the numerous official policies that
have had some influence on the store markets in our study period. It is
well known that risk perception by farmers may be significantly altered by
stabilisation policies of one type or another (Newbery and Stiglitz 1981).

This section fully outlines the policy issues involved.

The full theoretical implications of the empirical measures of risk used in
this study are outlined in Chapter 4. Our own analytical approach is justified

and a general setting for model building is provided.



The first empirical section in Chapter 5 investigates the extent to which the
level of risk may be an important phenomenon in a grazing situation.
Grassland production is examined in relation to experimental and actual data.
Since grazing is a significant aspect of the cost structure for ruminant
livestock in the store industry, then we may examine the effect of risk from
the point of view of intensifying grazing utilisation by increased use of
fertiliser. A key issue is whether greater grassland output is associated

with more risk.

Chapter 6 investigates the role of decision-making in the store livestock
sector. A demand structure is posited and Adaptive Expectations are used to
define risk. A rigorous account of the mathematical and empirical methods

employed is given.

The results are then generalised in Chapter 7 where a full simultaneous
model is developed. The vertical structure of store trading relations is
examined and store supply and demand decisions are investigated. The Theory
of Rational Expectations is used to define risk and the mathematical and

empirical methods by which this is done are outlined.

The results are drawn together and compared in the Conclusion which provides

a general overview of what has been achieved.

For convenience and to avoid disruption of continuity many of the more
technical results encountered in the course of reading this thesis will be
found in the appendices. The subject matter of the appendices will satisfy

one of two criteria:

1) The argument is original but is not necessary for an intuitive
understanding of the main hypothesis. For greater rigour, or

a further example, the appendix is the appropriate reference.



2) The argument is based on another author's detailed result and
is more in the nature of an 'aside' that will not leave the main

context unduly ambiguous. Obvious results are not given.

1.5 The Structure of Explanation in the Thesis

This thesis 1is designed to be as self-contained as possible. The reasoning
behind the structure of the chapters is that each one builds and develops
the ideas of the preceding chapter (except for the introduction!). The
discussion of the results in both their theoretical and empirical contexts

i1s therefore complete.

Thus, Chapter 2 serves to introduce Risk and Expectations theory, to show how
each is related, and to place each major theoretical contribution to risk
theory in context. This simultaneously provides the theoretical results on

which this thesis is based.

A mathematical introduction is provided for expectations theory. This is not
so important for Adaptive Expectations (although it is not trivial), but is
more so for Rational Expectations. Rational Expectations was originally a
mathematical device, and many of the difficulties associated with the
implementation of Rational Expectations theory at an empirical level are
mathematical in nature. It is therefore important to understand the

implications of the theoretical results being used.

The markets that form the basis of this thesis are examined next. Their
structure is investigated to show why the study is relevant in relation to
risk, and to suggest ideas about how store markets should be modelled. It is
fairly straightforward although the review of official policy in the livestock

markets acts as a precursor to some major conclusions of the effects of risk

perception in the store markets.



The fourth chapter illustrates exaxtly what modelling approach is used and what

theoretical assumptions are necessary for the empirical results to have
'theoretical content'. Chapter 4 is a synthesis of the previous two with
respect to the methodology subsequently used. Thus Chapters 2, 3 and 4

serve to relate the empirical results to the analytical field in general.

From this point onwards it should be clear how each empirical chapter can be
related to the theoretical results and how each empirical result is then a

test of economic theory.

The conclusion draws together the work of the empirical chapters 5-7 showing
how they have provided tests of economic theory. It will show exactly what
contribution this thesis has to make to the body of empirical evidence on

the existence and effects of risk.



CHAPTER 2

RISK AND EXPECTATIONS

2.1 Introduction

This chapter introduces risk as a theoretical concept and examines the role

of expectations theory in the risky decision-making process. Other work is

examined and is included to highlight the point of departure from previous

studies.

2.2 The Existence of Risk

Risk has been ambiguously defined as some measure of our ignorance of

stochastic economic phenomena (Sec. 1.1).

It represents the extent to which

we accept that we may be mistaken in our decision processes. In other words,

what weight can we attach to the 'correctness' of our opinions? Conversely,

what then is the weight we can attach to the 'incorrectness' of our opinions

and how does this affect decision-making?

Figure 2.1 provides a diagrammatic representation of how components of risk

theory are linked together. Predictably the distinctions are not so clear-

cut in practice. The arrows indicate the
to the next: that is, known risk will be

This information may then be used to form

unknown risk via the preference framework.

'according to taste' or preferences, from

individual level. Aggregation rules then

order of succession from one box
evaluated on the basis of experience.
opinions concerning future or

Subjective risk is then ordered
which decisions are made at an

allow conclusions to be drawn at

market level. This will become clear in what follows. The circles indicate

at what point analysis in subsequent chapters relates to the discussion in

this chapter and may provide a useful back-reference when the empirical

results are discussed.
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2.2.17 The Evaluation of Risk

We begin by accepting that the concept of risk must be framed in operational
terms in order to analyse it. The first task is to show how risk is evaluated
or conceptualised in terms of the broadly-based methods available. We also
illustrate how risk theory is really a synthesis of a number of academic
disciplines and show at what point and to what level competing theories may
be judged to contribute to risk analysis in the context of our logical

structure (Fig. 2.1).

The Probability Approach to evaluating risk is the most common. It assigns
numerical values to the likelihood of a future event occurring which is based
on the history of its previous occurrences. Given knowledge of the relative
frequencies of past events, perhaps from relevant experience, we extrapolate
this information to help predict the future. This assumes the existence of
relevant experience and hence exposes the distinction between risk and

uncertainty.

Uncertainty appears in situations in which information does not exist about

how a view should be formed of an event which has a potential number of
outcomes. A probability measure cannot be formed since it relies on historical
frequencies. Risky prospects can be evaluated on the basis of probabilities

but rely, of course, on previous experience concerning the frequency of events.

Arrow argues that probabilities of unknown complex events can be evaluated
from a knowledge of the probabilities of known simpler ones. It is recognised,
however, that 'this process cannot go on indefinitely, there must be a

beginning somewhere.' (Arrow 1974 pg. 11).

Alternatively, one may use Bayes' Postulate in conjunction with Bayes' Theorem

to show that truly uncertain situations - where probabilities are irrelevant -

do not arise. OSuppose an event B is conditional on any one of the events Ai



occurring. That is, the appearance of any one of the events Al is a necessary

condition for the occurrence of the event B. The conditional probabilities
P(B/Ai) and P(Ai) are known. Given that event B has occurred, we ask, what
is the probability that it was preceded by the event A1 (arbitrarily chosen
out of Ai) ? Another way of looking at it is that P(Ai/B) is the revised
probability assignment to event A1 after observing event B. The answer is

given by Bayes' Theorem, viz.

P(A1/B) = P(A1).P(B/A1)
LP(Ai).P(B/Ai)

(2.1)

It was assumed, however, that the conditional probabilities P(B/Ai) and the

probabilities P(Ai) were known. This is tantamount to assuming historical
frequencies exist and that truly uncertain situations do not arise. In the
face of an uncertain situation, Bayes' Postulate suggests the assignment of
equal values to all prior probabilities in the absence of any knowledge of

their history.

The consistency of the estimate of P(A1/B) is not affected by this assumption
as long as all prior probabilities are given equal value. This is the symmetry
condition. To assume, for example, that P(B/A1) = 2P(B/A2) is to impose
asymmetry into the problem. This must be based on some information about

the relationships between the probabilities hence the problem is no longer

uncertain (Champernowne 1969 Vol.I Sec. 9.14).

Thus, Arrow's conclusion that uncertainty is not a concept which has any
relevance to every-day decision-making is addressed in Bayes' Postulate in
a way that even if it did have any relevance it does not affect the evaluation

of probabilities and hence risk.

10



Non-probablistic methods of evaluating unknown events offer no succint
analytical approach. The 'Degree of Belief Theory' associated with Keynes
(1921) and Knight (1921) is an example. The explicit measure of 'Degree’
was a probability approach in the sense that it was based on 'some' relation
between evidence and the likelihood of an event occurring but it was not
necessarily based on measurement. Instead, Knight visualised a system of
'groups' which are derived from a decomposition of the problem into its

discernible parts.

A major non-probablistic approach is Shackle's (1949) Theory of Focus Loss
and Surprise. He rejects probability and the Degree of Belief methods on
the grounds that the distribution concerning the unknown event can never be
verified, even ex post. If an event is unknown, ex ante, then a single
realisation, ex post, cannot provide sufficient evidence to enable an agent
to form a view concerning its distribution. In fact, an infinite number

of observations are required.

Shackle's own analysis rests on what is possible and what is regarded as
impossible. He permits a graduation from one case to the other by an

assignment of a degree of potential surprise.

In this system there is no Law of Large Numbers or elimination of risk by
consolidation of many events. This is because there is no explicit link
between the knowledge gained in one situation and another, only a 'development'
of experience upon which the economic agent may call to make a judgement.

As experience grows the agent may then have a basis for changing his mind

about how a future event may turn out (Shackle 1961 Part 4).

The Law of Large Numbers is not applicable because there is no explicit link
between knowledge in one situation and another hence there can be no

elimination of risk by consolidating information in terms of probability.

11



But presumably, Shackle does not mean to imply that 'learning' does not exist
which is the conclusion we could naturally draw if the Law of Large Numbers

is invalid (Arrow 1974). The appropriate conclusion is that probability is an
inadequate measure of response to uncertainty in Shackle's scheme. He does
allow a range of potential outcomes to affect choice (between, say, 'likely'
and 'fairly likely' outcomes) and it is this non-uniqueness of the assignment
of risk which invalidates the probability approach (and therefore the Law of

Large Numbers).

It will be seen in the next section that the acceptance of the validity of the
probability approach does provide a workable hypothesis in which the influence
of risk may be examined. Despite Shackle's criticisms of this method it is
clear that the denial of the usefulness of probability cannot be sustained
when the scale of risk (or uncertainty) is related to ordering rules thereby
transforming it into subjective risk. It is the ordering problem to which

we now turn and it will be seen that the probability approach can be extended
in this framework to provide testable hypotheses which have refutable
implications for an aggregated analysis of risk (c.f. Chapter 4), unlike
Shackle's which are definitionally individualistic because the underlying

measure of uncertainty is ordinally-based.

2.2.2 Subjective Risk

Once risk has been evaluated for each potential outcome of an unknown
event then we must define some process by which the results may be ordered

according to individual preferences.

Expected utility maximising principles are the most widely advocated methods
of appraising unknown events (Dillon 1971). The level of abstraction varies
from global utility functions which are normally composed of a single argument

(e.g. profits, income, leisure, etc.) to sub-optimal rules defined for

specific situations. The latter form preference orderings over the components

12



of a wider utility function. The necessary assumption is that the individual
can relate the component parts to the whole. This is a simple matter given a
Utilitarian framework, but is more difficult on a realistic basis where the

horizontal structure between each sub-optimal preference ordering and vertical

relations to the ultimate goal may not be so easily discernible.

The Expected Utility Theorem provides a numerical measure to preferences.
Von Neumann and Morgenstern (1947) developed Ramsay's (1931) work to rigorously
prove that unique values exist for ranking unknown utility based within a

probability framework.

The major shortcoming of this approach is that it does not allow any role
for decision-costs. They are not accounted for, ex ante, but they will

constrain decision-making, ex post, for decision-costs cannot be avoided.

Alternative methods of ordering risk exist. They are more practically
orientated relating observable phenomena to real situations. Probability
measures are used in conjunction with other criteria which are examined
below. They are basically variations on a similar theme of operationalising

risk analysis at the individual level.

The pure Safety Principle is based on the hypothesis that security varies
inversely with risk. The underlying assumption is that some basic requirements
to sustain economic and physical existence must be satisfied. These aspects

of decision-making take priority above all other criteria. It should be

noted at this point that pure Safety Rules may be regarded as special cases

of the Expected Utility Hypothesis where an income level, for example, which
falls below subsistence requirements has zero weight in the utility function

and income above the subsistence level has a weight of unity.

13



The Safety First Principle (Roy 1952) minimises the probability, alpha, that
some objective function (typically profits, pi) falls below a pre-specified

'disaster' level, d; that is

- (2.2)

Chance-constrained programming (Charnes & Cooper 1959,1963) alternatively
defines the Safety Principle as a probability limit beyond which the disaster

level is defined; viz.

min P(m < d) < a (2.3)
An alternative is Kataoka's Rule (1963) which maximises the minimum return
which can be achieved with a fixed confidence level (Safety Fixed Rule)

equal to

max(min) P(m < d) < o (2.4)

Safety Principles are based on the exclusivity of the safety requirement:
that is, no consideration is given to other objectives before the safety
criterion is met. Because it is aimed at practical situations this
assumption may not be very satisfactory when a number of criteria enter the
decision-making process. Lexicographic methods are able to deal with multiple-
goal situations. However, this is done in a fashion which assumes fixed
relations between different objectives that are vertically structured. That
is, the agent satisfies the most urgent objective before any other is
considered. The difficulty with fixed vertical relations is that the
fundamental nature of the problem may alter when certain criteria are met.
There is only limited scope for this type of change in the lexicographic

approach. Thus Lexicographic Safety First Rules require the maximisation

of the expected value of profit, say, whenever the chance constraint is met,

14



and minimise the probability of disaster when it is not. Lexicographic Safety
Fixed Rules involve maximisation when chance constraints are met and following
Kataoka's Rule when they are not. The scope for limited change exists if we
define 'disaster' or 'profit' widely enough so that 'disaster' definitionally
encompasses its components which may alter without changing the objective of

minimising disaster (or maximising profit).

At a more esoteric level, Shackle's criteria for measuring uncertain situations
by focus loss and gain can be translated into a decision-making process by
adding to the scheme individual preference functions from which the appropriate
tangency conditions may be observed. They are not preference functions in the
sense that we have already described them but rather they represent how an
individual's cognitive process responds to the surprise function and the
possibility of loss or gain in the uncertain situation. Shackle's primary
motivation in developing his theory was to simplify choice in uncertain
situations so that decision-criteria could be realistically evaluated. That
is, instead of using probability calculus - which he adds that most people
would not understand - he specifies maximum surprise, minimum surprise and

the space in-between. Shackle's theories are then developed in this framework.
Although they are clearly case-specific, and hence no general conclusions may
be drawn (Roumasset 1976), they broadly represent a decision process which is
closer to actual decision-making. For instance, to evaluate probabilities to
define risk requires the attachment of specific numbers to uncertainty which
many people, Shackle arques, are unwilling or unable to do. If, on the other
hand, we define 'regions' of risk or uncertainty which enter as decision-
criteria then decision-making relates more closely to the actual environment.
Any criteria entering regions of 'surprise space' can be assessed as either
'too risky' on which to base a strategy or 'insufficiently risky' so as to

deter the implementation of the strategy (Shackle 1961).

15



When the form of the preference function is unknown optimal stragegies can no

longer be defined. Instead efficient decisions are contemplated. Stochastic
Dominance Theory is the main analytical method which tackles this problem and
is based on the assumption of prior knowledge of the distribution function of
risky prospects and a positive preference for greater wealth or more utility
(U'> 0). The idea is to derive unanimous or partial preference orderings
over pre-specified risky situations. This is achieved on the basis of rules
defined in terms of orderings of cumulative distribution functions. In this
way, a decision 1is efficient if its ongoing or cumulated risk, specified in
terms of the parameters of its distribution, is less than an alternative
decision strategy. First Degree Stochastic Dominance of one set of outcomes
against another is guaranteed if one cumulative probability is everywhere
greater - that is, more certain - than the other. It is then seen why U' > O
must be assumed because if U'> 0 held in some regions and U' < 0 in others

then cumulative probabilities may add up to zero.

Mean-Variance analysis also satisfies the eFficiency criterion although this
can be specifically derived from a utility framework (see Sec. 4.2).
Combinations of different means and variances are plotted (in E-V space:
mean-variance) and compared with an individual's indifference curve. The
indifference curve is defined by levels of constant expected utility. For a
risk-averse individual, increases in variance must be associated with greater
mean returns to maintain utility assuming variance to be a specific measure
of risk. The different combinations of decisions to be made are reflected in
the opportunity locﬁs. For a decision between two crops, the opportunity
locus will be convex to the origin (as shown) if any combination of either

is less risky than relying on only one crop.

16



FIGURE 2.2 MEAN-VARIANCE SPACE AND THE TANGENCY CONDITION
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Within this framework, other approaches assume different paramaters to be
important. The Mean Absolute Deviation Approach popularised by Hazell (1971)
and the semi-variance method of Markowitz (1970) are examples where different

features of the relevant distributions are emphasised.

More ad hoc methods of ordering risk exist which defy strict classification.
One approach is based on satisficing some preference which relates to specific
situations. The concept of satiation plays no role in Classical Economic
Theory whilst it has entered prominantly into the treatment of motivation in
psychology. In most psychological theories, according to Simon (1959), the
motive to act stems from drives and action terminates when the drive 1is
satisfied. Moreover, the conditions for satisfying the drives are not
necessarily fixed. They may be specified by an aspiration level that itself

adjusts upward or downward on the basis of experience.

How far the approaches reviewed differ from one another can be debated.
Satisficing, for instance, does explain interim movements to equilibrium
more than a general maximising principle would because it can be related
to a specific situation where decisions are continuously adjusted as

information is obtained; but then again, there is no adequate theory to
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extend to the general case. Binswanger (1979) suggests that alternative

methods of ordering uncertain prospects are essentially the same and have
been observed yielding similar results in empirical investigations. Which

method one uses will be defined by the level of theoretical rigour required.

2.3 Empirical Risk Measurement

Applications of risk analysis have broadly followed the theoretical results
that have been reviewed. The significant feature to appreciate is that most
results support the existence of the influence of risk (aversity or preference)

although it is more difficult to find support for the approach used.

The Direct Utility method of empirical risk measurement is based on von
Neumann & Morgenstern(1947) axioms and has been extensively employed by
behavioural psychologists. This consists of confronting the subject with
choices between risky and riskless prospects, or between different risky
alternatives and estimating utility functions from which their risk preference
characteristics may be examined. Dillon & Scandizzo (1978) have used this
method in N.E. Brazil. Lin, Dean & Moore (1974) used data from (relatively)
wealthy Californian farmers. Their results provided positive evidence for

the existence of aversity to risk over different sections of different

utility functions.

Roumasset (1976) found contrary evidence. He examined the reasons why
fertiliser applications fall-short of profit-maximising levels with respect

to rice production in the Philippines. The presumption was that risk aversity
inhibited fertilisation. The motivation for investment in fertiliser would be
the expectation of a higher mean return in output. However, if the higher
mean return had associated with it a proportionately greater perceived risk
then risk-averse producers would not adopt such a strategy. For a given

level of income a higher proportion invested could possibly lead to financial
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ruin. How this possibility would arise was examined by Roumasset. He
developed an approach of combining personal probabilities of particular risks
or 'disasters' with an experimentally derived production function of fertiliser
on rice output. 'Disasters' were measured in terms of Risk Sensitivity
Indices which represent elicited opinions on how Philipino rice farmers
viewed the potential devastation to their crops by a typhoon or a major

pest outbreak. Investing a higher proportion of a given income would
increase the degree of exposure to such risks in terms of financial ruin.

The evidence suggested that farmers cannot be averse fo increasing investment
on account of risk because Roumasset found that higher fertiliser applica-
tions do not substantially increase financial risk. Therefore, risk aversion
cannot be a primary cause of fertiliser applications falling short of profit-
maximising levels; rather, farmers may not have used fertilisers because the

finance, by which increased output could be achieved, was not available.

The main difficulty with this and other approaches which rely on utility or
preference elicitation is that the situations that people are asked to judge
are hypothetical. There is little to lose in making a choice. Decision
criteria are quite divorced from those found in actual agricultural situations.
This view is supported by Binswanger (1978) from his work in rural India.

He came to the conclusion that results on risk preferences from interviews

are 'unreliable, non-replicable and misleading.' It is difficult to believe
that valid conclusions may be inferred from elicitation methods to situations
involving actual choice. There can be no guarantee that risk preferences
elicited in this manner are relevant to anything other than the question and

answer session from which they were derived.

The second main empirical approach to investigating risk is by the econometric
method. If the econometric results at market level are derived from
microeconomic risk theory then these methods implicitly assume that

aggregation rules are satisfied. We investigate this in more detail in

Sec. 4.3.2 but shall assume, for the time being, that they do not affect

the evidence to be reviewed.
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Carlson (1979) studied pest control in Nicaragua and other Central American
countries where he analysed the effect of an expanded pest management scheme
on cotton acreage from 1964-1974. Response to the introduction of the scheme
was taken as a proxy that farmers viewed pest control as a major priority

of production. The effect of the scheme was measured as a zero-one dummy
variable and the results showed that the scheme had a significant influence

on the subsequent expansion of cotton acreage.

Behrman (1968) studied rice supply in Thailand covering 30 provinces between
1940-1963. In estimating response elasticities he devised three surrogate

measures of risk aversion:

1) The standard deviation of price over the 3 preceding years.
2) The standard deviation of yield over the 3 preceding years.
3) The population residing in agricultural households in relation

to agricultural output.

For both measures 1) and 2) significantly negative responses were obtained

in slightly less than half the provinces. The third measure was taken to be
a reflection of possible peasant behaviour in planting enough acreage of rice
to produce sufficient food to feed the population. That is, it was a

population/food 'survival' variable.

Significantly positive responses to this were found in 70% of the cases.
This indicated that minimal subsistence requirements are important in the
decision-making processes of Thai rice farmers providing tacit support for
the safety approaches mentioned earlier.

Risk measurement based on an expectations mechanism to approximate aggregate
decision-making is rather more popular. If we use the standard deviation

measure to illustrate our discussion then we see that risk may be viewed

in two ways.
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Firstly, we could suppose risk to be based on variations about an average or

normal value of the 'risky' variable: that is

STANDARD DEVIATION = E{ /(X - x)% }

This would provide a measure of 'stationary' risk because it is based on a
single-valued average which is assumed to hold for all time. It is quite an
unrealistic measure, of course, during times of dramatic change when the true
value of X may significantly alter and even though the stationary measures
still represent deviation it no longer represents a reasonable view of risk
since people will have revised their estimates of the average or norm.
Alternatively, by definition, averages or mean values mask variation which
may be a significant component of the deviation measure of risk. To account

for this a 'moving' risk measure is posited:

E{ /X = E(XN2 }

where E(X) is not to be taken as the simple average just discussed. E(X) is
not single-valued for all time but will change according to an expectations
mechanism as new data and information arises. In this way dramatic changes
are accounted for, and therefore, 'moving' risk is a more realistic measure.
Risk 'moves' according to an expectations hypothesis which then defines E(X).
It is a major aspect of this thesis to investigate what implications different

expectations hypotheses have for risk-perception in the store markets.

Just (1974) employed the Adaptive Expectations rule to define E(X) but,

in his example, he used variance instead of the standard deviation; that is:

E{ (X -EX)?}
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Just's results are by far the most successful in terms of statistical
significance. He found both risk-prone and risk-averse response to
variations in prices and yields of certain crops grown in California.

The degree of variation was limited, however, by Government control with
respect to marketing quota arrangements, price supports and crop divers-
ification policies. Just came to the conclusion that response to risk
would be 'muted' by these policies since the correlation between
statistically poor estimates of risk response and Government intervention
was high. Thus, the result is that much of the scope for exhibiting risk

response (prone or averse) would be reduced.

Prosser (1980) adopted a similar approach in analysing risk response in
Australian wheat production but found risk to be unimportant. Similarly,
Traill (1978) concluded that price risk was unimportant in explaining U.S.
onion acreage where his measure of risk was based on a standard deviation
of prices. But Traill's detailed iterative estimation technique failed to
produce any conclusive results even though the estimated coefficients were

only marginally insignificant.

2.4 The Importance of Expectations

We have already discussed the concept of 'moving risk' which is partly
defined by an expectations mechanism. The role of expectations in the
evaluation of risk then immediately suggests an appropriate motivation for
studying the effect of risk in any particular market. That 1is, if a market
exists in which its dynamic structure is an important part then expectations
are likely to play a role in decision-making. Farmers, however, may not be
so sure about their estimates of expectations hence they may allow a role

in their decision-making processes for the risk of misestimating expectations.

This section investigates dynamic markets and the role of expectations whilst
it will be left to Chapter 3 to show exactly what dynamic structure occurs

in the store markets.
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Since in this thesis the store markets in England & Wales are studied we
approach the investigation from a fairly aggregated level. Chapter 3 outlines
the economic and biological relations in each store market where it will be
seen that because of the time involved in the production process resources
have to be committed before the returns to production are known with certainty.
A decision on what level of resources to commit must therefore be based on
expectations about what the future is likely to hold in terms of revenue and
since the future 1s uncertain then risk arises as a potential influence.
Alternatively, risk is a feature of the Store Markets because production is
based on what the future is likely to be, and if farmers are wrong in their
view of this then they will commit the wrong level or mix of resources and

hence lose money in the process.

Underlying this point of view is the Cobweb Theorem (Ezekiel 1938) which has
latterly been used in the more general context of dynamic response (Nerlove
1972). Farmers must make decisions on an ex ante basis because of the
dynamic structure of market relations which are, in turn, determined by the
biological production relationships. Ex post realisations of revenue will
only be equal to ex ante views by coincidence. In a working environment a
conscious effort has then to be made in order to guess at what state the
market will be when a particular farmer's produce reaches a sale-point.

This will force the farmer to consider alternative production strategies
because to establish the superiority of one strategy over another at least
one comparison must be made. Since the consequences of various strategies
are unknown, ex ante, risk and expectations enter the decision-making process.
The better informed are farmers' views of the future the less likely are they
to be subject to misestimation and hence subject to the influence of risk,

for risk is defined as the variance of misestimated expectations.
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The definition of subjective risk that is used throughout this study, which

relates to the variance of misestimation, is:
2
E[L(X-E(X))"] (2.5)

E(X) is defined by some expectations process and is not to be taken simply

as an estimate of a constant mean value as we have previously mentioned in
relation to 'moving risk'. We use the definition of risk as shown in
equation 2.5 which is the most general form of the definition of the variance
of any variable (Koutsoyiamnis 1977 pg. 534) and it is therefore left to us to
specify exactly how E(X) is defined. We define E(X) by an expectations
mechanism and employ a model of 'moving risk'. It should now be clear,
subject to aggregation rules, why the examination of expectations theory is
important to the analysis of risk. The justification for the variance

measure of risk will be found in Chapter 4.

2.4.1 The Meaning of Mathematical Expectation

Expectations are required when a distinction exists between the information

available and the information required in order to decide upon a course of
action. This distinction is based on time. If farmers wish, for example, to
decide on a level of production then they must do so on the basis of what they
expect the likely demand to be in the market at the time when the goods

become available for sale. This point is most easily established in an
agricultural framework where a production period can be realistically set at
twelve months, for example. A farmer has to decide on the basis of information
currently available what mix of crops will bring the greatest returns at
harvest in a year's time. He has to form an expectation of the likely future
demand for all the crops that he cultivates because information about demand
patterns is not currently available. If he had knowledge of demand then

there would be no point in forming expectations. Since this information is

lacking then he will form his expectation in the current period for the
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likely pattern of demand to occur next period (that is, when his crop is sold).
Algebraically, it is a mathematical expectation conditional on information
currently available. If the production period can be defined as the

difference in time of t and t-1 then conditional mathematical expectation

may be written as

E(Xt/I (2.6)

t—1)

where X, is the pattern of demand in time t and we have information, It

t -1’

currently available up until the end of period t-1. Expectation is
intuitively a time-difference relationship and therefore holds for all time;

that is:

E(Xt_i/It_i_1) (2.7)
We can therefore arbitrarily define our 'base period expectation', or
exactly what time period we choose to define when information is 'currently
available'. Hence the reasoning given for the expression 2.6 can be
equivalently set in terms of current information available up until time t
and we form our expectation for time t+1. It is clearly up to us to
define our 'base-period' expectation conditional on available information.
We shall employ this particular device in Chapters 6 and 7 where the
economic meaning, as opposed to mathematical (the 'time-difference’

relationship), aspects are discussed.

2.4.2 Some Features of Adaptive Expectations

This section is the first of two that examines the expectations
hypotheses that we shall subsequently use in our analysis of risk. We have
seen that expectations are required if 'moving risk' is to be used 1n
equation 2.5 and that we will have a valid measure of risk in the market

which may be derived on the basis of individual utility theory should
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aggregation rules hold (Secs. 4.2.1 and 4.3.2). Sections 2.4.2 and 2.4.3
reveal exactly what is involved concerning expectations although their precise
consequences for the evaluation of risk will be left until the results are

presented in the empirical chapters.

Adaptive Expectations (AE) are the first of two expectations hypotheses to

be examined. The hypothesis is defined (after Cagan 1956) as:

* *
P, = P+ Y, -P

t t-1 1 t—1) (2.8)

which states that this period's expected price is assumed to be related to
last period's expected price plus some adjustment for the misestimation of
expectations from actual price in the previous period. Information is

assumed to be available up until I The rate at which the error-learning

t-1°
process proceeds is judged by the adjustment coefficient, gamma (0< gamma <
The equation 2.8 can be rewritten

P ) P
= P1+(1—Y Pt-

‘e (2.9)

1

By continuous back-substitution in equation 2.8 further insight into the

hypothesis is gained by showing that

P’D = Yj_

n ™8

i=1, @
1(1 - v) P,z YiEO (1 =-Y)P (2.10)

Equation 2.10 illustrates that the error-learning or behavioural rule 2.8

is really an assertion that current expectations are based on an extrapolation
of weighted averages of past actual prices. But, mathematically, this is no
different from purely extrapolative systems. Over fifty years ago, Fisher
(1930) suggested that individuals might forecast future inflation rates as

a weighted average or distributed lag of actual past inflation rates.
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What would make the AE hypothesis different from the purely extrapolative
systems would be theoretical content. This has been discussed by a number
of writers (Griliches 1967, Nerlove 1972) who draw the conclusion that AE
cannot be an explanation of expected prices. It is because AE can be
represented as a weighted time series of its own actual values that makes
it observationally equivalent to any number of theories. What remains
unexplained are the economic forces which determine prices from one year

to the next. To say that AE is related to past actual prices is begging

the question as to what influences prices?

Econometric applications of the hypothesis (Jones 1961) attemptto infer
economic content on an argument-by-example basis. The approach is to

estimate adjustment coefficients and relate the results to the markets

under consideration.

A simple example will illustrate how this is done. Consider the model

_ ¥ (2.11)
Yt = aPt + BZt
LI _ * (2.12)
Pe = Peg =y (B g =P )

which could represent supply response of output, Yt’ to expected price,

*

Pt’ and some exogenous influence, Z Lagging equation 2.11 and subtracting

.

from the same gives:-

substititing in equation 2.12

*
Yo=Y, =0y (P, -P ) +B (2 -2 )

From equation 2.11

*
Ye Ptﬂz Y (Yt-r thll
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Hence

or

Y = oy P (2.13)

£ + (1 - vy)Y

+B8 2 -8B (1-v)Z

t-1 t-1 t t-1

Ordinary Least Squares estimation of this equation would provide an estimate
of (1-gamma) from which alpha and the whole equation is statistically

1dentified.

This particular method rests on the lagged dependent variable defining

(via its coefficient) the AE adjustment mechanism. If there are other
reasons why a lagged dependent variable should be included in the equation
2.13 (because of delayed quantity response for instance) then a problem of
indeterminacy arises. Estimated parameters can only be identified in an
economic sense given that a unique meaning can be attached to gamma although
equation 2.13 has long-run consequences irrespective of gamma should the

lag structure be removed (mathematically, the 'equilibrium' solution of

any difference equation). In the long run, of course, gamma = 1 which, on
substituting this value into equation 2.13, produces equation 2.11 but with
the actual value of price substituting its expected value. If economic
meaning can be attached to gamma then gamma describes the adjustment mechanism
which is in accordance with the theoretical structure defined in equation 2.8.
This does not, 1in iﬁself, imply that the AL hypothesis has theoretical
content. However, if the resulting estimates in equation 2Z2.13 are superior

to competing mechanisms then some justification for using the rule can be
claimed. The whole question of theoretical content in this respect rests

on the validity of the original structure (equation 2.8) and whether or not
the AE hypothesis can support this via statistically significant results in

equation 2.13.
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As an alternative, theoretical content may be inferred from within the context
of a more general optimising principle. Muth (1960) has shown that for
certain non-stationary time series AE provides an optimal forecasting
mechanism. Such a principle, therefore, is then easily incorporated into

any maximising framework.

2.4.3 Some Features of Rational Expectations

In this section we will provide a detailed discussion of some very
recent developments in Rational Expectations (RE) theory. It is important
that they should be introduced at this stage because many of the implications
of the results will be subsequently used. Thus we examine the structure of
error generation in RE models, stability properties, information requirements

and illustrate the discussion with an example.

The Theory of Rational Expectations (Muth 1961) sets out to fully develop

a reasoning on how and why expectations are formed in the manner they are.

It can define a unique mechanism for each situation, but remains a general
theory. The distinguishing feature is that it is a theory which can be
subject to empirical testing unlike AE which faces an economic interpretation

problem.

Rational Expectations are defined as 'true mathematical expectations of
future variables conditional on all variables which are known to the public".
Shiller (1978 pg 3). That is, the mathematical expectation incorporates
not only the quantity of information but also how the information is pieced-

together. It is this latter aspect which provides the theoretical content

of RE.
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Exactly how one piece of information is related to another is normally

conceptualised in terms of an economic model. This provides the testable
part of the RE hypothesis. For expectations to be Rational they must
therefore be consistent with the proposed structure of the model which

in turn is meant to reflect reality. In other words, Rational Expectations
are meant to represent the true expectations of the economy or market. In
this sense, RE are endogenous expectations: they are explained within the

structure of the market place.

RE is a forward-looking mechanism. It does not rely on past information to
get it to a position or solution where expectations are Rational but uses
past information to direct where the model explaining the market structure
should be leading. Economic models incorporate new information simply as
an increase in the available data (cross-section or time-series). They dé
not explain how information is assimilated as part of a cognitive process.
This is a criticism of economic models in general and not of RE models in
particular. They approximate this situation as partial or full availability
of new information but do not explicitly state how this information is
understood. This new information may certainly be absorbed by economic

agents but this does not necessarily imply understanding.

In RE models the incorporation of new information is assumed to have a one-off
effect. It is immediately absorbed (though not necessarily correctly) and
does not have a lingering effect as would be the case in the error-learning
mechanism of AE.. New information in an AE framework is geometrically

weighted over production periods. Complete adjustment will only occur after

a considerable amount of time has elapsed (for gamma not equal to 1). 1In a
Rational environment, people are assumed to be more concerned with what is
going to happen than with what has already happened. They look for a path

to equilibrium and RE illustrates how this is achieved (or at least one

consistent method of achieving equilibrium). If new information becomes
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available which suggests that the market under consideration will come to
rest at a different equilibrium to what was previously thought it is Rational
to then make decisions on the basis of the new situation. To only gradually
adjust to such a situation - as would be the case under AE - would be
irrational. If such a course was followed people will consistently make
mistakes because their decisions concerning production, say, are not fully
adjusted to the new information. This is not the same as saying that
production has to be adjusted immediately but that the complete information
set which determines such decisions is not being fully utilised. Those
people who fully incorporate the new information will be well placed to make

non-normal profits.

This would be the Rational thing to do, but does not deny the existence of
the possibility that people may make errors in their expectations formation.
The errors may occur as a result of the way in which information is processed.
In this case errors may arise because people may have not fully understood

the ramifications of the new information. Systematic errors cannot therefore
be made once the 'true' structure of the model is known. Information will
always be absorbed once it becomes available, but how it is used is subject

to how true a representation the model from which expectations are made is

to reality.

Because RE is forward-looking, and because it incorporates all the information
currently available, there is no reason to expect forecasting errors from

a RE model to be anything but random. Systematic errors would arise as a
result of people's failure to understand the economic system in which they
operate. But if forecast errors were expected to be biased, then people

might as well incorporate this information in their view of expectations.



However, as Shiller (1978) points out, forecast errors are serially
uncorrelated but not necessarily serially independent. This relates
specifically to forecasts which are required for more than one period
ahead, viz, P:+1/ It—1’ Without loss of generality, suppose current

information is available up until the end of the period t-1 so that a

*

one-period expectation is Pt /1 and a two-period expectation 1is

t-1
¥*

P /1 . A forecast error is then defined as:
t+1 t-1

e = (Pt - E(Pt/It_1)) (2.14)

but for a two-period forecast

€ = (P

£ /I, .))

- E(Pt+1 t-1

t+1

1s made on the information currently available at time t-1.

Begg (1982) decomposes the forecast error into two parts relating to

each time-period

S

Ng + nt+‘l

Now, N is equivalent to the forecast error €t defined in equation 2.14,
but N1 is that forecast error which occurs on the basis of new
information available at time It’ viz.

= (P - E(P

t+1 t+1/¥t))

nt+1

It is the incremental error as new information arises. Thus, €t 41 is the
total forecast error and Nt 11 is the error that may arise when new

information at time t becomes available.

*

By analogy, the two period forecast error for Pt+2

is given by

S B L LT
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and clearly

€ = £

- 2.15)
£+2 Ng (

t+1 T Mgl
which exactly shows its serial dependence. This is known as 'overlapping.'

It only arises because of the forward-looking nature of RE. This then gives
rise to the possibility of Cobweb phenomena because even though expectations
may be consistent, errors may be an important feature of the model should
expectations extend beyond one period. Compare this with a Cobweb cycle
resulting from an AE hypothesis where errors are made because information 1is
not fully utilised (the 'error-learning' mechanism is only gradually adjusted,

for gamma not equal to one).

Forward-looking expectations also entails some convergency and stability
implications for the dynamics of Cobweb systems it purports to explain.

If a convergent path to equilibrium exists then RE will find it. Uniqueness
problems arise, however, when more than one path to equilibrium exists, as
would occur in a globally stable environment because any path chosen will
lead to equilibrium. This is not a problem for AE since it never sets out
to test a theory anyway and hence uniqueness can have no implications for
the hypothesis. But it is a problem for RE when multiple dynamic solutions
occur. Because a RE solution is based on how equilibrium is achieved, and
because equilibrium conditions play an important part in the solution to a
RE model, then it is essential to be able to identify the dynamic conditions
which lead to equilibrium as those which would be equivalently defined by a

RE solution.

Since there are two general methods by which RE systems can be solved there

are two ways in which the uniqueness problem may be overcome.
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The first solution method involves the standard algebraic approach where
reduced forms of simultaneous systems are used and where identification
conditions play an important role. The 'algebraic' solution can be framed
in a variety of ways: the substitution method (e.g. Sargent & Wallace 1975,
Wallis 1980) and shown below; the method of undetermined coefficients

(e.g. Muth 1961, Taylor 1977) and a method by which a solution is 'guessed’
and then tested to see whether the RE conditions are satisfied (e.g. Lucas
1971, Barro 1976). The common denominator is that expressions defining

'RE constraints' are derived which must be satisfied to verify a solution.

The second solution method is the iterative numerical approach whereby systems
of equations (invariably nonlinear) are solved by standard numerical techniques
(Gauss-Seidel, Newton-Raphson, Gradient, Davis-Fletcher-Powell, etc.) and the
solved values of the model used to generate Rational Expectations.

The iterative techniques are augmented by an outer loop to the routines
mentioned by which the expectations entering the model are adjusted so as

to converge on the model solution. When a suitable convergence criterion

is satisfied then a RE solution is found. With respect to the uniqueness
problem only the first method is discussed at this stage. Details on the

second method will be found in Chapter 7.

The uniqueness problem is approached in an algebraic framework by specifying
additional constraints over and above those defined by the RE solution. The
problem then turns to justifying the additional constraints. Taylor (1977)
has investigated this and has shown that in a globally stable economy where
expectations enter as explanatory variables that stability implies a finite
variance for expectations. From this observation he suggests that a minimum
variance condition on expectations will isolate the RE path to equilibrium.
This was justified on the grounds of 'collective rationality' where the costs
of making mistakes about expectations are kept to a minimum. Collective

rationality is not such an unreasonable assumption given the potential use
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of leading indicators such as Government forecasts which are widely available.

This constraint becomes redundant in a saddle-point economy where only one
path to equilibrium exists (Chiang 1974). A RE solution is characterised by
such an equilibrium condition. To find a solution in a saddle-point economy
implies uniqueness. AE cannot claim this property for it is an error-learning
mechanism where mistakes are only adjusted to gradually. Any point off the
unique path in a saddle-point economy is unstable. To start from a position
of f the unique path in an AE framework will not lead to an equilibrium
solution as it will only compound the errors already made. This is because
it is backward-looking, or a geometrically weighted sum of its past actual
values. Only if it starts from a position on the path to equilibrium will

a convergent AE solution be found. If a RE solution can be found then
convergency is assured in a saddle-point economy. Under AE, a stable

solution may or may not exist: it is impossible to say.

Globally unstable solutions are empirically unimportant. If expectations
are finite today then they are likely to be finite tomorrow. Some would
argue, however, that many markets are globally unstable and that only floors
and ceilings to production, for example, stop them from collapsing. So-called
speculative bubbles do arise but if it is perceived by people that the

market will explode then it will no longer be rational to follow such a path.
Globally unstable situations are not the norm hence people would have little
reason to follow such a path, especially if it leads to market collapse.
Brock (1974) and Lucas (1975) argue that this view is theoretically valid
within the context of a rational and optimising framework. Minford (1978 a)
suggests that it is an integral part of RE theory that people rule out the
possibility of speculative bubbles on the basis that they are not a general

feature of the economy.
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Because non-convergent paths are ruled out a priori, it would appear that RE

are self-fulfilling and that tests of the hypothesis are redundant. If the
'‘correct' answer exists, then it is the answer that a RE solution will choose.
It is in this respect 'forced' to equilibrium. Can a RE solution really be
Justified on the grounds of its equilibriﬁm properties ? It may be argued that

in the long run the difference between one expectations hypothesis and the

next is unimportant.

The distinction to note is that it is not necessary that a long-run or full
equilibrium solution exist before a RE solution is found. All that is required
is that the expectations are consistent with the underlying model of the

market or economy. For example, in full equilibrium, there is simultaneous
adjustment to any extraneous influence which does not, in itself, alter the
structure of the model hence no recursive relations are required. RE can be
quite consistent with a dynamic market and therefore is not necessarily

in a long-run equilibrium. What is really meant by a RE equilibrium is that
expectations mirror how the model would solve for such expectations. Given
that the model is a true representation of the economy, then the expectations

so generated are consistent with what is happening in reality.

This is a difficult enough task by itself but would seem impossible in a more
realistic environment where information is scarce, variable and sometimes
unreliable. In a changing environment, new information would constantly be
required to form consistent expectations as people search for the required
model. But there are costs to the collection of information as Fiege and
Pierce (1976) have noted even if the accuracy and reliability of information
is sufficient to render forecast errors random which Friedman (1979) suggests

is unlikely.

Others (Begg 1982) have arqued that this view is addressing the wrong problem.

All that is required is that people act 'as if' they know the true structure
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of the model. Even this argument is juxtaposed to the view that economic
models which form RE are not complicated enough! It is only because economic
models have to be internally consistent and represent aggregated response

that makes them complicated. To make them more realistic, for instance, they
could be disaggregated to the individual. At the risk of stating the obvious,
day to day economic decisions are simpler; they are not generally couched in
terms of difference equations satisfying saddlepoint stability properties, but
the economic processes which describe such actions are complicated only because

of the way economic and logical syllogisms are structured.

This raises the question as to the validity of RE solutions in relation to

the model. RE is based on an economic model. If the model is incorrectly
formulated then so will the expressions representing RE. It is therefore clear
that a test of RE is really a dual (and indistinguishable?) hypothesis:

one concerning the inherent validity of the structure of the model; and
another about RE theory. RE theory is a combination of the structural
parameters of a model which illustrates why RE is dependent on the validity

of the model. This is seen from a simple example.

Equation 2.11 is used again but expectations are now set to a two-period
forecast to reveal some of the properties of a RE solution. A simultaneous
deterministic response is added -~ with no aspirations to reality - to complete
the system. The model is only illustrative to reveal how algebraic RE
solutions are derived: the variable and lag structure is chosen primarily

for ease of manipulation.

- 2.16
Yt = Pt+1 + B Zt ( )

- (2.17)
Pt = § Yt

Substituting in
¥
Pt = ﬂ1Pt+1 + NZZt S | DR T. =GB
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Taking mathematical expectation on information available at time t-1:

% _ # %
Pe = My Pepqg+ My 2g

By continuous forward substitution and leading one period:

P‘,'f‘:+1 - “2 SOEOOH'SI'Z:+S+1 (2.18)
The specification of the exogenous process (Zt) then becomes all-important.
If a Government policy is known which determines (Zt) then this can be used
and the RE system can be reset as a control problem offering open and closed
loop solutions (Intrilligator 1971). Alternatively, an autoregressive or
more general ARIMA (Autoregressive Integrated Moving Average) process can be

defined for (Zt) from which a RE of the exogenous process can be formed.

Hence suppose

Zt = @ Zt-1 + € £ E(at ) =0
¥ _
2g = 0 Lo
then
7 * .40z
th 8 Zt - t-1
and
* o St2
Zepse1 =0 0 By
....... by the Chain Rule of Forecasting (See App.1)
Now
S ¢Z* ® ﬂS¢S+2Z
SR R S-S B £-1
and 1Ts ¢s+2 _ ¢2 .o ¢3 . ﬂ2¢u+ ..... (2.19)
s=0 | 1 1



2 0
857C _ 4§ ™3 g5t . 4° (2.20)

2
«
% ﬂ? Zt+s+1 = = i Zt
s=0 1 - dm, -
Thus
2
% T, &
Poog = 2 2, (2.21)
1 - ¢n1 -1

and substituting back into the structural form (equation 2.16) gives

2
Y _am ")
t T '-2¢51r “- +Pzt’
1
and
aSB # 1z
T, = t-1 + B Z, (2.22)
1 =96 a 6
P, = 8 Y, (2.23)
Zt = 7)) Zt_1 + €t (2.24)

In order for a RE solution to hold (in this case) two convergency conditions
must be satisfied. Firstly, in order to get from equation 2.18 to 2.21 we
require that the parameter 74 be less than unity in absolute value.
Secondly, the parameter @ must also be less than unity in absolute value

if equation 2.20 is to be valid. That is, the geometric series (equation 2.19)

must be convergent.

The RE 'equation', or restriction, in our equation system, is given by the
coefficient on Zt—1 in equation 2.21. This is the testable aspect of the

theory in its econometric form. Although quite complicated for a relatively
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simple system it is actually identified. Bacically, all that is required
is that there are at least as many exogenous variables as there are endogenous
expectations. Wallis (1980) provides the definitive discussion on this.

Thus, if the system is estimated as

Yt = F1 Zt + P2 Zt-1
Pt = T3 Yt
Zt = P4 Zt-1 _—

then only alpha needs to be defined: other structural parameters being

immediately identified. It can be easily verified that

2.5 A Synthesis

We have examined the components of the analytical structure which comprise
decision-making in a risky environment. It was suggested that risk may be
evaluated by probability or non-probability methods and we investigated how
competing theories would arrive at measures of risk. This represented a
'body of knowledge' or experience concerning the risky environment of the
past and we indicated that this evidence may then be used to form opinions

concerning what risk is likely to be in the future.

Future or subjective risk, as an aid to decision-making, must then be related

to the risk-preferences of the individual. If a strategy is to be implemented
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with risk considered as a potential influence then the farmer must be aware

of what level of risk is acceptable (for aversity) or required (for risk-
prone individuals) so that appropriate decisions may be made. Risk may be
related to preferences in a variety of ways and we have examined how differing
methods (Expected Utility, StocAastic Dominance, Shackle, etc.) process such

information so as to formulate decision strategies.

Should market-level decisions be required then our analytical method must be

aggregated from the individual and relevant aggregation rules derived or

assumed.

For specific measures of risk at the market level, such as variance, we have
to decide whether stationary or moving risk is appropriate. Should the latter
be chosen then we have to define expectations rules so that the farmer knows
when to change opinions concerning risk. This has been emphasised in the
discussion and the theoretical aspects of the major expectations hypotheses

that we shall use to define moving risk has been fully outlined.
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CHAPTER 3

THE STRUCTURE OF STORE LIVESTOCK MARKETS

3.1 Introduction

The most salient feature of any store market is that farmers enter each side
creating both supply and demand; store animals represent intermediate goods
as the output of one operation to the input of another. We can examine the
structure of trading relations on the basis of the supply and demand approach
although a more fundamental review will require that the temporal nature of

the market be identified.

3.2 General Economic Background

5.2.17 Supply

The supply of store animals arises partly from those farms which rely on
their breeding policies to derive income from the sale of stores. In the
case in which supplying farms have the potential for finishing or keeping
milking stock it may be that their own optimal stocking rates dictate whether
sales of stores should take place. The decision will relate to capacity and

to the ability of the farmer to feed his stock at reasonable prices.

Capacity constraints operate in conjunction with other influences which can
be neatly categorised into short and long-term reactions. In the short-term,
the farmer who rears and supplies stock will consider the expectation of
future demand as an indication of how profitable sales of store animals are
likely to be. Few generalisations can be made as the effect of the

expectation of future demand will vary from farmer to farmer. If movements in

price are representative of demand conditions (a presumption of inelasticity
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of supply) then currently low prices may enter expectations so as to lead to
herd or stock retentions, or may lead to more aggressive marketing techniques
(e.g. selling via an intermediary). Currently high prices may enter
expectations so as to lead to retentions if the high prices are used to

finance herd expansion.

There will also be expectations concerned with the amount of winter fodder
available for grazing animals and also with respect to the price of feeding-
stuffs. Feedgrain prices may reflect a shadow cost of grazing and is in

effect one element of opportunity cost that pervades the whole structure of store
production. Another example of opportunity cost is that the supply of store
animals may face a reserve demand from their owners (the store supplying farmers)
should store prices be inadequate or if, for some other reason, store suppliers

find it inappropriate to finish or milk their own stock.

A well-structured and inexpensive feeding system is a prime influence on
profitability in store supply. Its utilisation, however, is another question.
Uncertain results from grazing typically inhibits farmers who turn to

concentrates where output response is more predictable.

In the longer term, it is likely that the farmer will consider the profitability
of the entire operation in order to set the general level of output, but this
process will only indirectly affect the shorter-term decisions concerning

sales from month to month. Decisions concerning the general level of output
will relate to the inherent productivity of the farm and to the likely

buoyancy of the market in years to come.
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3.2.2 Demand

The demand for store animals must rest on the expected costs involved in
feeding the stock, on the expected revenue from its final sale or contribution
to milk production, along with expectations concerning the sale value of any
progeny. The farmer who purchases store stock will be capacity constrained
to the extent that the animals must be at or near a finished state to realise
their full contribution to income. He must make sure that any new stock
bought-in can be catered for in the feeding regime he is operating. The
farmer will have an idea of the number of animals that are due to leave the
herd within the following weeks hence he will know how many bought-in
animals can be accommodated in terms of grazing land or yard capacity.

This is not such a strict constraint on the supply side since stock may be
sold at a number of different points in their degree of maturity, although

exactly how much room for manouevre exists will vary from system to system.

3.2.3 Prices

There is an efficient allocation of resources through the store pricing
system since the auction mart which is the primary marketing outlet for most
farms is itself fairly competitive. Speculation does exist but its effect
is to align varying expectational processes in the role of an arbitraguer

establishing a unique price.

Concentration amongst farmers on either side of the store market could bias
price away from its competitive position. However, as there are numerous
buyers on the demand side (for it is individual farmers who wish to buy
stores who comprise the main element of demand) and since there are numsrous
and disparate sellers whose activities are never likely to be co-ordinated
(i.e. price collusion) on the supply-side, then there is little reason to

suspect that a free market price has not been established.
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It is probably true to say that the activities of dealers and agents are more
prominent on the demand side than on the supply side of the store market.
Their influence is ambiguous: there may be collusion and an element of price-
setting but this cannot be sustained in the larger markets. In the end they,

too, must sell their stock either to other markets or to the farmers who have

commissioned them.

Prices in the store market depend upon expectations concerning fatstock
markets. If the latter are adversely affected by concentration among buyers
then this will depress the profits on finishing, for instance, for it will

reduce the feeding farmer's margins by artificially depressing fatstock prices.

The evidence that exists on concentration in fatstock markets (Bateman et al
1971), in general, suggests that a significant degree of imperfection may
exist. Expressed as a proportion of the purchases of the five largest buyers,
concentration ratios can often exceed 70% of the size of market throughput
with an inverse relation with market size. Market size will also influence
the degree of concentration in the store trade although the market has to be

fairly small in order for this to be important.

3.3 Government and EEC Policy

The most important feature of official policy affecting agricultural markets
is the overhaul that took place in market regulation when the UK joined the
EEC in 1973. Our study period covers 1970-1980 and encompasses both official

regimes.

Government intervention prior to 1973 had been based on the stated objectives
of maintaining a 'stable and efficient agricultural industry' outlined in the
Agriculture Acts of 1947 and 1957. 1In general, the main policy tool was to

be based upon a system of guaranteed prices adjusted explicitly (for milk)
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and implicitly (for meat) to standard quantities produced combined with a

deficiency payments scheme.

Price guarantees were mainly supplied through fatstock guarantee arrangements
to beef, sheep and pigs. For milk they were channelled through the Marketing
Boards. The analysis of the effects of official intervention on the store
markets must then be primarily approached from the point of view of those
farmers who are directly affected by official policies. Feeding farmers

will be the main group affected although this does not rule out policy
influences on the store supply side itself (subsidy payments, for example,

may be important).

The Fatstock Guarantee Scheme was not the only source of intervention since
various other measures provided for subsidies to be paid to farmers such as
fertiliser, Hill Sheep and Hill Cow subsidies. Moreover, resource
reallocation measures, such as beef and calf subsidies, were in operation
to attempt to redirect output away from milk production, where over-supply

was common, towards meat production.

It is unnecessary to go into any great detail about arrangements within the
CAP for regulating markets as this information is well-known and widely
available (Fennell 1979). What must be emphasised is the importance of the
intervention price as the effective central policy tool, and its use as an
economic indicator. Theoretically, the focal point of intervention measures
should be the Guide Price which is set against 'normal market conditions’.
But this is often an impracticable indicator since 'normal market conditions'

seldom exist, hence the importance of the intervention price.

Grants and subsidy schemes are also implemented within the CAP and effectively
reproduce the situation that existed prior to 1973. The subsidies are

characterised by their offsetting nature with support measures: on the one
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hand the Community is obliged to maintain agricultural production in all areas,

whilst on the other hand it attempts to direct resources away from chronically
over-supplied sectors by means of subsidy incentives (e.g. Suckler Cow Premium

Scheme, headage payments in Less Favoured Areas, etc.).

The Beef and Veal Regime and the policies relating to regulation in the

Dairy sector have been effective since UK membership of the EEC began. The
five year transitional periods governing the rates at which the new policy
regimes were implemented will have had‘no effect unique to itself in the beef
and dairy sectors, for the purposes of our own analysis, since what took place
in 197 3was a substitution of policy tools with similar objectives. That is,
the purpose of the two sets of policies (before and after 1973) is to regulate
the meat and milk markets. The Fatstock Guarantee Scheme operated on the
basis of controlling prices whilst CAP is mainly affected through quantity.
(intervention) mechanisms. It should be noted at this point that CAP milk market
policy is concentrated on the Dairy Products industry which, indirectly,

influences the amount of milk produced.

The effect of the price or quantity approach to market requlation is to
influence profitability in the two sectors. Exactly how this affects risk
perception will be explained in Sec. 4.2.3 whilst the implications for the
store livestock industry will be left for the empirical results to establish

in Chapters 6 and 7.

The full EEC regime for live pigs came into operation in July 1967 at the
same time as the common regime for cereals. This emphasises an underlying
feature of the EEC pigs regime; pig meat is treated as a 'cereal based

product' and there are close links between the cereal and pig meat regimes.
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The EEC pig meat price is supported in three ways. Firstly, there are internal
market support measures to remove surplus supplies from the Community market;
secondly, there is a system of sluicegate prices and levies on imports from

outside the Community and thirdly, there is a system of refunds on exports

to non-EEC countries.

The first and third measures are common to most regimes and will therefore

not be discussed. We turn our attention to sluicegate prices and import

levies.

The sluicegate price is fixed at a level which reflects the 'world' cost of
producing pigmeat. This takes into account cereal and other feedingstuff
costs on the world market (MLC 1979). Furthermore, the sluicegate prices and
import levies are adjusted each quarter on the basis of cereal prices

during an earlier reference period.

Thus, profitability in the pig industry, including influences on the store
sector, is subject to official policy affecting both fatstock and feed prices.
However, prior to 1973, prices were also adjusted for changes in feed costs
along with adjustments for a forecast of the number of pigs likely to receive
subsidies in each forthcoming year (HMSO 1969-1973). It is true to say that
both EEC and domestic policies do not take account of feeding sources other
than grain and grass (e.g. potatoes, swedes, etc.) which may occasionally

be fed so that feed costs can still vary independently of official policy.
Moreover, since EEC support of the pig sector is based primarily on the
sluicegate price, and hence international trade, it would require a very
aggressive export effort on the behalf of EEC pigment producers for this to

be effective.

A common regime for sheep was only established on the 20th October 1980 and
therefore lies outside the purview of this study. The Fatstock Guarantee

Arrangements were effective before this date along with domestic subsidy
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Throughout the eleven year period 1970-1980 support measures for the livestock

industry were frequently used as evidenced by the expenditure figures, before

and after EEC membership, in Table 3.1.

TABLE 3.1 ESTIMATED EXCHEQUER SUPPORT, AND MARKET
REGULATION COSTS UNDER CAP. £'s Million

Implementation of Price Guarantees Market Regulation under CAP

Cattle Pigs Sheep Cattle Pigs
1959/70 26.2 17.4
1970/71 31.0 7.5 9.7
1971/72 2.8 26.3 16.4
1972/73 1.0 2.7 1.9
1973/74 .. 1.2 19.0
1974/75 8.5 63.7 24.1
1975/76 7.5 113.0 38.6
1976/77 0.2 16.3 12.3
1977/78 0.4 1.4 -0.2
1978/79 0.1 -20.8 0.2
1979/80 11.1 10.3 0.5

Source: HMSO 1970-1980

. negligible amount. Market requlation under CAP for cattle refers to

beef and veal. Market requlation under CAP for pigs refers to pigmeat.

The figures for CAP regulation in Table 3.1 are made up of several elements
and include import refunds (net of export levies) on intra Community trade,
import and export refunds on third country trade, the beef premium scheme,
aid for private storage and animal feed, certain production subsidies

(already outlined) and the net cost of commodities bought into intervention
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and subsequently sold. The negative figures for CAP pig and cattle regulation
in 1977/78 and 1978/79, respectively, are due to negative net figures in,

for example, import refunds against export levies.

The effect of EEC policies on the store trade, from the point of view of the
stabilising objectives of EEC agricultural policy, would be to provide
relatively more stable market prices for end-products than in the free market
case. This is the same criterion under which the Fatstock Guarantee Schemes
operated. We have seen from Chapter 2 that variation in its many forms
(variance, standard deviation, etc.) is a fundamental measure of risk, and if
official policies promote or affect stability in the markets then this will
have implications for risk perception. We will see how official policies are
likely to affect risk perception in Sec. 4.2.3 and this will be supported by

empirical results in Chapter 6.

3.4 Beef

The adaptability of beef production is due to the fact that the process can

be divided into a number of parts which can generate income quite independently
of the other. In defining production systems to establish the economic
framework we adopt the classification used by the MLC (1976), but accept that

it is by no means a complete description of British beef production.

3.4.1 Biological and Economic Structures

The store beef market is recognisable as a fundamental component of the

industry. The well developed market system in terms of the number of sale or

purchase points results in a complex vertical structure.

Suckler herds, for instance, represent the primary source of supply of cattle

to the store markets since they are mainly geared towards producing weaned

suckled calves at 6-12 months of age for further rearing. In some herds the
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calves are carried through to slaughter whilst in others they are held beyond
weaning for sale as stores. The basic determinant of what occurs will depend
on the feeding regime available to the farmer which, on a national basis,
will be largely determined by the location of the farm in the hill, upland

or lowland areas.

Expectations about store prices which influence the level of store sales have
wider implications than merely governing the supply of store stock to finishing
enterprises. Since suckler production operates over a relatively short time
span, variations in returns from the market will have immediate effects on
production levels if profitability is to be maintained. It will also be a
considerable force in determining the size of the breeding herd via sales or
retentions of heifers. An end-sale point also exists for the market in
slaughtered calves which can be used as a dumping ground for unsold animals

on the store side if they are in a saleable condition.

In enterprises specialising in the finishing of suckled calves and stores
grazing quality is relatively more important since the stock fattened are
basically the lighter counterparts in a batch of autumn-born yearlings which
are stored through the winter and finished on grass at 18-24 months. Low
cost winter rations are complementary to this as grass finishing relies on
the compensatory growth resulting from that development in weight which has
been held back over winter. Allied to this is the ability of the farmer to
produce grass of sufficient quality and at the right time to enable a
particular batch, say, to meet the date of an auction fair. This combination
of factors, which is dominated by minimising the cost of winter keep, would
appear to produce the most profitable store finishing enterprises, evidence of

which has been recorded by Allen and Kilkenny (1980).
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Although integrated beef enterprises of various sorts exist which both rear and
fatten stock (20-24, 18 month grass/beef systems and 15 month grass/cereal beef)

they do not reflect the clear motivation for purchasing store stock as do

cereal beef farms.

The most intensive form of beef production depends on the use of high cost
concentrate diets which promote rapid liveweight gains so that cattle are
slaughtered between 10-12 months. Cattle purchased into this system are
usually dairy bred calves and are generally referred to as barley beef which,
these days, is something of a misnomer. The obviously short production period
concentrates the influences that all finishers face. Profitability is clearly
dependent on turnover since margins are squeezed as a result of the expenditure
on artificial feed. Returns are also extremely sensitive to the level of buying-
in prices of stock and to any adverse variations in the fatstock markets.
Because economies of scale are potentially substantial a significant degree of
fixed investment is required to exploit the opportunities. Fixed investment
will be mainly in terms of yarding and will depend on the farmer's view of

the longer-term viability of the operation which, in turn, rests on the

maintenance of the feeder's margin.

The dairy sector requires special consideration in this section because of
the close connections between the markets. Up to 65% of UK beef originates
in the dairy herd, with this figure rising to 72% in England and Wales alone
(Gardner and Walker 1969). The simultaneity of the relationships between the
two markets rests mainly around the concept of input/output flows within the
breeding stock. This has been investigated elsewhere by Rayner (1975) and
Wildgoose (1978). Their work suggests that the interactions of the milk/beef
price ratio endogenise the dairy breeding herd in relation to the size of the

beef herd. That is, the two are inextricably linked (Sec. 3.5.1).
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3.4.2 International Trading

International trading plays a significant role in beef production through

the store markets.

UK (Table 3.2).

TABLE 3.2 IMPORTS AND EXPORTS OF STORE BEEF, AND THE
LIVESTOCK TRADE BALANCE (Numbers: 000's)
1976 1977 1978 1979
I E I E I E I E I
Steers 97.2 1.7 235.3 1.7 260.4 6.7 128.8 5.8 172.
Heifers 22.7 1.0 67.0 1.0 88.1 2.4 38.9 1.5 34,
Total
Stores 119.9 2.8 302.3 2.8 348.5 9.1 167.8 7.3 207.
Total
beef 229.3 297.3 304.0 511.2 353.2 521.5 169.6 506.5 220.
livestock
I = Imports. E = Exports. Source: Dept. of Trade 1976-1980. Steers
Heifers data not collected separately before 1976. Figures for Totals
not correctly add due to rounding.
The Republic of Ireland is virtually the only source of supply of live

It is primarily concentrated on the import side in the

1980

E
9 5.6
9 1.5
9 7.1
5 370.4
and
may
cattle

with the market share of imports throughout the 1970's not falling below 99%.

This is a result of two factors:

firstly of historical precedent since the

Republic is traditionally the UK's main agricultural trading partner; and

secondly, of disease restrictions (e.g. foot and mouth) which precludes

importation from other sources.

The relations governing the level of imports of store cattle have been subject

to a number of studies.

Probably the most important factor influencing the

decision to buy store cattle from overseas is associated with the relative

price of Irish to British stores.
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availability to be an important variable in an early statistical exercise
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